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Abstract 
The present study tries to peruse a four- story steel structure by coaxial bracing by using 
dissipating energy mechanisms and the comparison of these systems. It is obvious that the structure 
cannot withstand the earthquake forces and should be retrofitted in any way. Therefore, the research 
examines the performance of resistance structure under San Fernado earthquake record designed in 
DBE level by embedding the mechanisms of dissipation energy like seismic base isolation system, 
viscous and pall friction damper. Finally, the values of responses and forces are compared in each 
case of strength. To compare the effects of systems on main parameters such as stories drift and base 
shear, input and dissipated energy of structures are studied by various types of systems. The findings 
suggest the seismic isolation system reduces the base shear in the maximum extent and the friction 
damper has better performance on energy dissipation.  
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Introduction 
Recently, the design of new structure and resisting of the present ones against earthquake are 
regard very common by using the elements absorbing the input energy and barring the input of the 
main structure elements to non-linear area. The energy dissipation systems are highly considered 
with regard to the benefits. The extension of the control structures knowledge is applied in the 
modern structural systems with energy dissipation in recent years. One of the most effective ways 
for controlling vibration caused by earthquake is to use the damper and seismic isolation systems. 
Some factors such as the development of countries, the increase of apartment construction, the bad 
performing of the concurrent braced frame in huge earthquake, considering another popular system 
in metal structure and the high damaging level of beam and column in the recent earthquake lead the 
engineers to the use of modern technology like types of energy dissipation. The intense ground 
vibration creates lateral inertia forces in the structures and causes the structure oscillate with a 
domain fit to the input energy. If the majority of seismic energy to be dissipated mechanically, the 
response of structure can be controlled without structural damage. The usage of energy dissipation 
occurs by increasing damping, decreasing the amplitude of structure vibration and consequently, 
decreasing the seismic response. In modern seismic design methods, there are two approaches 
dealing with earthquake energy. The first approach considers some methods that causing to the 
reduction the force enter to structure by sorting the structure from ground vibration including the 
base isolation systems. The second one regards the replacement of damping equipment for seismic 
energy dissipation for decreasing the damage arising from inelastic behavior by dissipating some 
parts of earthquake energy. In fact, the philosophy of design emphasizes on resistance and ends in 
two choices: 
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- Go on to increase the elastic resistance, of course will be expensive and leads to more 
acceleration on base. The reduction of structural damage based on the more resistance leads to high 
damage and converts the structure to less resistance. 
- Limit the elastic border and focus on ductility. The approach digests the structure damage, 
although it cannot be repair. 
The base isolation represents an opposite approach and in fact, suggests decreasing of 
demand instead of increasing capacity. The earthquake cannot be stopped per se, however, the 
demand can be decreased by effecting on structure and preventing the motion transmission from 
base to super structure. Therefore, decreasing the effect of earthquake considers the main reason for 
using the isolation system. 
The structure: case study 
The case study of present structure consists of four-story steel structure with concurrent 
braced lateral load system with 5 five meters span in X direction and 5 ones in Y direction. The 
seismic design of the structure was conducted by NEHRP 2000 Regulation and the structure use 
stands residential in seismic Group 1, suggests to place on ground in class A and seismic area. The 
assumed damping in the present study considers %15 which is equal to 1.35 due to NEHRP 2000 
Regulation with B coefficient corresponding with %15 damping. The structure is designed for 75% 
of earthquake yield from NEHRP 2000 Regulation spectra. It is clear that the mentioned structure 
cannot withstand the forces of earthquake and the resisting against earthquake is regarded as an 
important issue. The present model considers the dead load of floor: 530௞௚௠మ, the live load: 200
௞௚
௠మ and 
the dead load of roofs: 560௞௚௠మ and the live load: 150
௞௚
௠మ. All floors have the same height consider 3.2݉. ଵܵ, ܵଶ regarded as the values of short and a second period spectral acceleration, due to map equal with 0.5 and 1.6, respectively. Modeling occurs in SAP 2000 software and the necessary 
parameters were introduced for each step and system. Finally, the findings of each system were 
compared. In order to compare the effects of systems, several parameters are studied such as floors 
drift, base shear and the input and dissipation energy. 
The design and modeling of seismic isolation system 
Nowadays, the seismic isolation system installing in the structure foundation one is used in 
the most countries based on the sensitivity of structure. By applying the flexibility and absorbency 
of energy, the isolation systems reflect part of earthquake input energy and absorb the other parts 
before transmitting to structure. The last effect is considered to increase the structure period. The 
decrease of the demand of energy dissipation on structure systems leads to more resistance. There 
are 36 seismic isolation systems with lead core (LRB) and squared section is placed in each column 
to study 36 column in the present research. The design of isolators occurs based on NEHRP 
regulation and the effect period and damping should be considered to design an isolator. The 
damping is considered and the effect period is measured as structure being on base. Therefore, the 
design motion is calculated according to regulations. Before the calculation of the design motion 
amount, the amount of B factor should selected from related column due to regulation finding by 
linear interpolation based on %15 damping and the amount of B is equal to 1.35. Moreover, the 
amount of maximum and whole motion illustration in figure 1 should be calculated as well. 
In order to calculate the total displacement values of each isolator, the effects of natural and 
accidental torsion should be considered. According to the symmetry plan of structure and the 
monotone distribution of isolators under each of column, the mass center of structure and stiffness 
center of isolators is matched overlay, hence the natural twisting effect can be neglected and the 
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regulation value is considered %5. Due to regulation, the total replacement value in design and 
maximum earthquake should not be less than 1.1 times of design and maximum replacement. 
Figure 1. Design maximum and total replacement in isolator 
Afterward, the minimum and maximum effective difficulty value should be computed by the 
present correlation on regulation. Eventually, by determining and designing the isolation parameter, 
other parameters like effective stiffness and damping stiffness primary to second any ratio are 
introduced to software. Also, defining and modeling the isolators are used Rubber Isolator kind of 
link elements in SAP 2000 software. In figure 2, an example of elastic isolators in LRB lead core is 
shown.  
Figure 2. The elastic isolator in LRB lead core 
Modeling and designing of Pall friction damper 
Mr. Pall introduced a kind of friction damper which contains reliable, economical and good 
performance based on the brake system of motor vehicle in 1979 and 1981. The replacement of 
structure in earthquake terms can be decreased by friction as motor vehicles. Over the years, various 
types of damper were made by applying in cross, bevel and Chevron bracing. Actually, the system 
includes a series of steel plates dealing with each other by high resistance bolt and having reliable 
performance against friction. Pall dampers are designed in such a way that firstly, do not slip during 
a strong wind, the slips are based on an optimal load in such a way that the most amount of energy 
be dissipated. The response of structure is decreased, too.  
The method of determining the optimal load slip 
The most important section in the use of friction dampers is to determine the best load or slip 
force of damper owing to decrease the elastic energy of structure elements. In other words, if the slip 
force acts more than optimum, the dampers may not slip in a seismic event in low speed; therefore, 
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damaging occurs. A simple method is introduced to compute the optimal slip load. The researchers 
found that not only the structure properties but also the frequency and domain of ground motion are 
effective to determine the slip load. Therefore, the place of structure, soil properties and seismicity 
zone should be identified. The spectra of slip load are applied to gain optimal slip load. Applying 
two parameters called α, β is offered in (1),(2) correlation. The spectra diagram is shown in figure 3.  
Figure 3. The optimal slip spectra diagram 
The above correlation is represented by Ns as the number of floors, Tu as the period of 
structure without bracing and Tb as the period of bracing structure. The relation of ୘ୠ୘୳ is 
recommended to be less than 0/4. The value ௏೚௠.௔೒	for the intended structure is achieved by calculating 
the value of Tu which shows the periodic time in acceleration response and the value of ୘୥୘୳ by using the spectra curve. The value of V0 is achieved by considering m as the seismic acceleration of area 
and ag as the mass. The slip force of dampers is the same in all floors and is gained by division of 
(V0) ( ௢ܸሻ to (Ns).  
The hysteresis curve of Pall friction 
The friction dampers have hysteresis curve in the shape of a big rectangular like ideal elastic 
materials. The hysteresis loop of Pall friction damper is according to figure 4. After using high 
number of loading cycles by observing the behavior of damper, it should be understood that the 
system has a stable performance with small drop which considers solid against intense earthquake. 
Figure 4.  Hysteresis loop of Pall friction damper 
Since the SAP2000 software cannot direct modeling the friction damper, the hysteresis 
behavior can be model by other elements like Plastic Wen. The parameters should be defined to 
make the shape of hysteresis loops of friction damper as located in figure 5. 
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Figure 5. The arrangement of Pall friction damper in modeled structure 
Modeling and designing of viscous damper 
 present study considers a four-story structure, once modeling in SAP2000 software bracing 
state without damper and one more modeling by installing the viscous damper as a link element 
(spring and damper). The mode of arrangement of viscose damper is shown in figure 6.  
Figure 6. The mode of viscose damper 
There are two types of damping for absorbing energy devices during vibrating. Submission 
and friction control devices consider types of hysteresis and their internal energy do not increase by 
having energy limits and depending on replacement. However, viscous dampers are not limit to 
replace and the internal force depends on stimulation speed. For first time in 19 century, viscose 
dampers were used to neutralize the effects of cannon on the ship and in the first half of the 20th 
century was entered into the auto company and in the late 1960s, some experiments were used to 
apply this type of damper in construction industry conducted at National Center for Earthquake 
Engineering at Buffalo university in New York. 
Figure 7. Viscous damper in details 
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A viscous damper consists of a piston with some pores in the end and by moving back and 
forth inside the cylinder, viscous fluid enters in pores and generates the power relating to the speed 
of motion and the shape and size of pores. Figure 7 is represented a viscous damper in details. 
Compare energy dissipation systems 
Check the maximum base shear during the designed earthquake and comparing 
In this section, the diagram of temporal history of base shear in some structure including 
with damper, without damper and isolator under the designed earthquake are shown in figures 8, 9, 
10 & 11. Also, the maximum base shear of various types of designed systems is indicated in table 1. 
Figure 8. The diagram of temporal history of base shea 
 in a structure without dissipation energy 
Figure 9. The diagram of temporal history of base shear in a structure with viscous damper 
Figure 10. The diagram of temporal history of base shear in a structure with friction damper 
Figure 11. The diagram of temporal history of base shear in a structure with LRB isolator 
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Table 1. The maximum base shear of various types of designed systems 
Types of system TON 
A structure without dissipation energy 420 
A structure with viscous damper 165 
A structure with friction damper 205 
A structure with seismic isolator 151 
As the findings of four mentioned diagrams and the values of base shear show, the structure 
resistance with seismic isolator is assigned the best score and result. 
Check and compare the floors drift  
As figure 12 illustrates the drift of lower floor is less than the drift of higher ones in isolation 
system. Also, the drift of higher floor is less than lower ones in structure with viscous and friction 
damper. 
Figure 12. Diagram of floors drift in various types of resistance 
Compare input energy in structure with seismic isolator and without it 
Figure 13 indicates that the use of isolator prevents the significant part of input energy to a 
dissipation structure.  
Figure 13. Input energy of structure with and without seismic isolator 
Compare the percentage of dissipation energy in various types of systems 
Figure 14 represents the percentage of dissipation energy to input energy of viscous, friction 
dampers and seismic isolators. As the finding shows the friction damper conducts more desirable 
performance. 
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Figure 14. The percentage of dissipation and input energy shown in 3 systems 
Advantages and disadvantages of various types of energy dissipation 
Friction damper 
Friction dampers are applied for simple modeling. They can be modeled like a tendon or 
string with inters stiffness and yielding force to give slip load. The models usually are shaped as 
elasto-plastic curves. Friction considers a cheaper source of dissipation energy compared to other 
sources making cheaper the manufacture of damper. On the other hand, they are often exposed to 
air, in slip properties. The environment is important, too. 
Viscous damper 
There are some main advantages for using viscous dampers. They produce the force of 
damping in a structure placing inherently change phase with the response of a structure in seismic 
event. Therefore, viscous dampers can decrease floor shear, acceleration and base shear. Viscous 
damper is sealed instruments thus, there is less inclined to climate risks. Eventually, the performance 
of viscous damper is independent from heat and the equation of similar viscous damper is reliable in 
all frequency levels. Unfortunately, the modeling of them is complicated. Yet, their external force is 
based on speed. Although, the viscous dampers should be proposed in a separate matrix, the matrix 
of damping coefficient contains an integral part of the solution. If the dampers to be placed in 
structure in an anisotropy way, it is difficult to analyze the system. Also, the viscous dampers have 
other disadvantages. It should be mentioned that due to low fluid density of viscous, the viscous 
damper starts on with an impact. 
Seismic isolator 
The expensiveness of seismic isolators is considered as a disadvantage compared to two 
mentioned systems. Another disadvantage relates to making resistant the current structure that is 
more difficult than the other two methods owing to cut the columns at isolation level and resulting in 
more damage, while the damage occurs just in walls and internal finishing in the other two methods. 
Conclusion 
The study indicates that the structure along with a viscous damper makes less base shear than 
friction one. However, the seismic isolation system totally has a less base shear by increasing the 
period. It should be mentioned that other systems decrease the base shear by increasing stiffness and 
damping. The base shear occurs more in friction damper than viscous one due to increasing stiffness 
of structure bracing. 
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As it can be found, adding a passive control system enhances the stiffness of system due to 
the nature of bracing installation. This stiffness decreases the period, consequently, increases spectra 
acceleration and eventually, enhances input energy. While the seismic isolator system increases the 
period resulting in decrease input energy. 
Friction damper system shows the best performance in energy dissipation among the other 
two systems, after that the seismic isolator is placed in second range and viscous damper in third. 
The findings demonstrate that a structure based on isolation system has less drift on lower 
floors into higher ones. Whereas, the structures including viscous and drift dampers deal with less 
drift in higher floors. Generally, the structure made by viscous damper and seismic isolator has more 
reduction percentage that considers the same on average. The resistant of damper costs cheaper than 
isolators, also the structure damage value presents less.    
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